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Introduction

54
Northern peatland and boreal soils have been accumulating carbon for centuries (Limpens 55 et al., 2008) . This retention capacity is the result of poor mineralisation rates due to the 56 severe restrictions that cold and often wet climatic conditions impose on biotic activity. 57 Global warming has, therefore, the potential to accelerate chemical transformations 58 mediated by soil biota and to alter their C sink function. For example, observed increases 59 in equinox temperatures in boreal forests over the last two decades show a trend towards 60 an earlier autumn-to-winter carbon dioxide build-up, being associated to a greater increase 61 of soil respiration over photosynthesis and offsetting the gains derived from earlier spring 62 sequestration (Piao et al., 2008) . Similarly, rising temperatures have seen to alter bacterial 63 and methanogen community structure and their relative ratios in peatlands, resulting in 64 imbalance of CO 2 and CH 4 emissions (Kim et al., 2012) . In addition to C gas emissions, 65 increased C losses, in the form of dissolved organic C, have been observed from peat soils 66 (Freeman et al., 2001a) , which has been attributed to impaired microbial degradation 67 coupled with increased plant inputs associated with global warming (Fenner et al., 2007) . 68 Besides climatic factors, spatial heterogeneity also plays an important role in 69 determining the stability of soil organic matter (SOM), making the use of a single 70 "average" Q 10 value an inaccurate approximation of the predictions of soil feedbacks to the 71 climate system (Fierer et al., 2006) . This factor has not yet been taken into full 72 consideration in many carbon-coupled Global Climate Models (GCMs) where a globally 73 invariant Q 10 has been applied (e.g. Jones et al., 2005) . Indeed, the use of a variant Q 10 74 could amplify predicted soil respiration feedback to climate change by 25% (Zhou et al., 75 kinetic theory (Bosatta & Ågren, 1999) , suggest that the temperature sensitivity of SOM 79 decomposition is related to soil resource quality (such as nitrogen and lignin contents of 80 plant residues; Melillo et al., 1982) . Moreover, there is growing evidence that variations in 81 organic matter quality, including stoichiometric ratios of major elements (C, N and P), also 82 act as important determinants of decomposition rates (Wardle et al., 2004; Cleveland & 83 Liptzin, 2007). Finally, it is expected that respiratory carbon losses from these C-rich 84 systems will be exacerbated under drier and reduced water table conditions, which are 85 predicted to occur under climate change (Jungkunst & Fiedler, 2007 , Ise et al., 2008 . 86 Therefore, accurately quantifying the respiratory Q 10 value of organic soils, and its 87 variability with resource quality and moisture, is critical for predicting the temperature 88 sensitivity of soil carbon cycling. types into models will be needed to improve our predictions of the SOM response to global 101 warming (see review by Schmidt et al., 2011) .
Similarly, despite a number of attempts to include soil invertebrates in C models (e.g. experimentally across large geographic gradients (Wall et al., 2008) .
112
In this study, we investigated the impact of resource quality and biological communities 113 on the temperature sensitivity of organic soil respiration under wet and dry moisture 114 regimes. This was achieved in a controlled mesocosm incubation experiment with 13 soils 115 from northern peatland and boreal ecosystems, representing a natural range of C, N and P 116 at 4 temperatures (4, 10, 15 and 20ºC) and two moisture regimes (60% or 100% WHC).
117
Soil and biological properties and respiration rates were determined at two different time 118 intervals to examine the importance of organic matter resource, microbial structure and 119 mesofaunal abundance (enchytraeids) as predictors of long-term carbon turnover and short-120 term temperature sensitivity of soil decomposition processes (expressed as Q 10 ). Vario EL elemental analyser and the determination of P was made colorimetrically using a 196 SEAL AQ2 discrete analyzer after aqua-pura digestion (Rowland & Grimshaw, 1985 (Table 1) . On average, the peatlands investigated here received nearly three times more 268 rainfall than the boreal soils (ANOVA: F 1,9 = 25.66, P = 0.0007); furthermore, at all 269 locations, moisture contents (MC) were high and even the soil samples taken during the 270 summer months were wet (> 75% of wet weight; respiration, although the differences were only significant for the last two soils (P < 347 0.0001; Table 3 ).
348
When comparing sites at each temperature and moisture treatment (Fig. 3) , it became 349 clear that cold temperatures stimulated CO 2 emissions from waterlogged soils (Fig. 3a) , 350 with the differences with the rest of the temperature treatments being nearly always 351 significant (with the exception of three sites: AUCH, CAITH and IRE; Fig. 3a also had a strong influence on the enchytraeid populations living in these soils (Table 4) .
360
The incubation treatments significantly increased their population numbers and more 361 enchytraeids were extracted from the peat soils at the end of the 16 months incubation 362 period than when they were collected in the field (GLM: t-value= 4.56, P < 0.0001).
363
Although all the peat sites showed these increases in enchytraeid numbers, the differences 364 between initial and final values were only significant for the Scottish site at CAITH where 365 nearly forty times more enchytraeids were recorded when compared to the initial 366 populations (P < 0.0001).
367
Similar to CO 2 production, warming also had a negative effect on enchytraeid densities 368 ( individual peat site (Fig. 4) , it was obvious that the response was not uniform and that peat 385 enchytraeid populations responded very differently to changes in the environmental 386 conditions. Although in wetter soils survival success appeared better at lower temperatures 387 (<10ºC; Fig. 4a ), no significant effect of temperature on population sizes was found when 388 the soils are saturated (Fig. 4a) . In contrast, under drier conditions the animals seemed to 389 prefer slightly warmer temperatures, with the exception of GDF where a significant 390 decrease in population numbers was observed with increasing temperatures (Fig. 4b) . Therefore, we conclude that a more realistic understanding of the mechanisms that govern 523 C stability should incorporate three axes: climate, soil nutrient stoichiometry and biology as well as their complex interactions. This, in turn, would improve models by reducing 525 uncertainty in the climate sensitivity of SOM in C models (Schmidt et al., 2011 
